ABSTRACT. Doan, B.K., R.U. Newton, YH. Kwon, and W.J. Kraemer. Effects of physical conditioning on intercollegiate golfer performance. J. Strength Cond. Res. 20(1):62-72. 2006.-This investigation was conducted to determine the effects of a physical conditioning program on clubhead speed, consistency, and putting distance control in 10 men and 6 women National Collegiate Athletic Association Division I golfers. Supervised strength, power, and flexibility training was performed 3 times per week for 11 weeks. Performance tests were conducted before and after the training period. Significant (p Ͻ 0.05) increases were noted for all strength, power, and flexibility tests from preto posttraining of between 7.3 and 19.9%. Clubhead speed increased significantly (1.6%), equating to approximately a 4.9-m increase in driving distance. Putting distance control significantly improved for the men-only group (29.6%), whereas there was no significant difference in putting distance control for the total and women-only groups. Eleven weeks of golf-specific physical conditioning increased clubhead speed without a negative effect on consistency or putting distance control in intercollegiate men and women golfers.
INTRODUCTION

G
olf is a popular and rapidly growing sport. According to recent surveys, there are approximately 26.4 million golfers in the United States and golf is ranked 10th in total participation when compared with all other sports and recreational activities. The total number of golfers in the United States has increased by 10% since 1995 (35) .
As golf continues to grow in popularity, it remains one of the few sports that appeal to a very broad segment of society. People of all ages, both genders, and all physical fitness levels are able to enjoy the game. The golf handicap system allows even competition between golfers of all skill levels. Additionally, golf is one of the few individual sports in which a team or opponent is not required for competition; therefore, a very large population of golfers participates in competitive golf. The number of elite golf competitors is also growing, as well as the prize money associated with those competitions.
Similar to most other sports, there are several different ways to achieve better performance in golf: improved technique, enhanced physiological capabilities (strength, power, flexibility, endurance, etc.), improved and individually matched equipment, and improved competition management skills. Researchers, golf professionals, and golfers have spent countless hours researching the mechanics of the golf swing and searching for the optimal way to swing the club (8) . Golf equipment companies have also spent significant time and effort improving the golf club and ball and their interactions with each other and individual golfers (47, 54) . Less research has been done in conditioning or training the human physiological systems for optimal golf performance, although this may be an important area for investigation because physical capabilities may alter golf performance directly via increased muscle strength and power. Additionally, improved physiological function through training may improve technique because increased strength and flexibility allow more optimal mechanics, as well as longer, more effective practice sessions.
Golf is a bilateral sport and studies using electromyography (EMG) have shown significant activity in a majority of the muscles of the body (49) . Despite these findings, until recently, the majority of golfers and golf professionals have thought resistance training to have no positive and possibly negative effects on golf performance. However, in the past several years there has been a resistance-training boom in the golf world.
Several investigators have studied the effects of strength, power, and flexibility training on golf performance (10, 15, 18, 25, 28, 45, (51) (52) (53) . Golfers involved in these investigations, however, were mostly recreational amateur golfers. Training of these amateur golfers increased clubhead speed by 3 to 7% or driving distance by 10 to 15 yards with no negative effects on accuracy. Strength increases were reported between 5 and 56%, and flexibility improved 7-39%. The positive influence of strength, power, and flexibility training on golf performance in recreational amateurs is clear. However, Jorgenson (1970) , using a mathematical model, determined there are two important components in clubhead speed: the amount of torque supplied by the golfer and the skill with which the golfer manages the torque (19) . Additionally, measurable performance gains and adaptations require more intense training in highly skilled versus novice athletes (13) and estimated gains in novice performance may not apply to elite athletes (16) . The influence of strength, power, and flexibility training on elite men and women golfers requires investigation.
The effects of resistance training on consistency or putting distance control have not been studied. Resistance training will improve muscular strength and local muscular endurance (1), which may have an impact on golf swing consistency during an 8-hour, 36-hole round of competitive golf in which 130 or more golf shots may be executed. Consistency is an important factor in a target- 3 ϫ 7-9 3 ϫ 7-9 3 ϫ 7-9 3 ϫ 7-9 Leg extensions Back extensions Wrist curls Med. ball speed rotations Med. ball standing throws 3 ϫ 10-12 3 ϫ 10-12 3 ϫ 10-12 2 ϫ 15 secs 2 ϫ 10 3 ϫ 7-9 3 ϫ 7-9 3 ϫ 7-9 3 ϫ 15 secs 4 ϫ 8 * See Table 4 for trunk routine.
oriented individual sport such as golf in which the player does not have to react to a moving ball or competitor. The purpose of this investigation was to study the effects of a physical conditioning program (strength, power, and flexibility training) on clubhead speed, putting distance control, and consistency in elite collegiate men and women golfers.
METHODS Experimental Approach to the Problem
The experimental design was a longitudinal training intervention in which the adaptations in neuromuscular function, golfball launch conditions, and putting distance control were assessed in response to a strength, power, and flexibility training program. All subjects were tested before and after 11 weeks of training. Percent change in neuromuscular function and golf club and ball launch conditions were measured after 11 weeks of training. All testing and training was completed in the university biomechanics laboratory, the university athletic weight room, and a local indoor golf driving range.
One weakness of this investigation is that there was not a control group. Because the hypothesis was that the conditioning program would improve performance, it was not ethical to exclude part of the team from it. Additionally, there were not enough collegiate golfers on the university teams to allow adequate statistical power if part of the teams were used as a control group.
Subjects
Subjects included 10 men and 6 women varsity golf athletes ( Table 1 ). The Institutional Review Board of the university approved the investigation. Subjects were fully informed of the purpose and risks of participating in this investigation and signed informed consent documents prior to testing.
For the purpose of this investigation, competitive scoring average for each individual was an average of all competitive golf rounds for a 1-year competitive golf season. Most of these collegiate players did not maintain an official United States Golf Association handicap. However, for comparison purposes to other investigations reporting only handicaps, estimated average handicaps for subjects in this investigation is zero for the men and between 5 and 10 for the women.
Training Protocols
All subjects completed the same golf-specific resistancetraining program and it was supervised by certified strength and conditioning specialists. A thorough needs analysis was conducted to ensure specificity of the training program. A more optimal approach would be to tailor the conditioning program to each individual. However, for the purposes of this investigation, the conditioning program was generalized to the entire group of subjects. The training program lasted 11 weeks (see Tables 2-4) . A certified strength and conditioning coach supervised the first 2 and last 6 weeks of training. Qualified supervision during strength training sessions is important because greater maximal strength gains have been noted in supervised versus unsupervised training (30) . Because of a university holiday, the middle 3 weeks of training were con- ducted away from campus and were unsupervised. Athlete compliance during the supervised training sessions was 100%. Some scheduled workouts were missed; however, workouts were individually made up so that all athletes completed the required total number of workouts. Each athlete maintained a training log and the strength coach adjusted the weights for following workouts if the athlete failed outside the specified repetition range to ensure progressive overload. Recent research has documented the value of stretching alone and in combination with strength training for improved golf performance (18, 53) . Investigators have also reported the importance of maximizing the shoulderto-trunk rotation relationship at the top of the backswing (5). Based on EMG research, Jobe and colleagues (1994) formulated a stretching program for golfers (17) . They recommended exercises focused on stretching shoulder and trunk musculature ( Table 2 ). Stretches were completed at the end of the strengthening program. Two sets of each exercise were held at the end of range of motion for 15 seconds. Programs A and B alternated every other workout.
The training program was performed 3 times per week (Monday, Wednesday, and Friday) and lasted approximately 90 minutes per session. Trunk strengthening exercises were performed at the beginning of each exercise session (Table 4) . Next, the resistance-training program was completed (Table 3) followed by the stretching program (Table 2 ). Subjects were also required to practice supervised golf-specific skills (hitting balls at a driving range and putting) for a minimum of 8 hours per week during the training.
Medicine Ball Training Description. For standing throws, subjects took their normal golf stance and posture holding a 2-to 4-kg medicine ball with arms maximally extended in front of them as if holding a golf club. They swung the ball back to just short of their normal golf back-swing position and swung it through the normal impact position, throwing it to a partner a comfortable distance away or into a solid wall or target, while mimicking the golf swing motion. Subjects were instructed to explosively throw the ball at maximal velocity. Subjects switched directions with their partner after 10-15 repetitions and repeated the exercise in the opposite direction. Catching the ball in the same position may also have provided some forced eccentric or stretch-shortening cycle training effect.
For seated throws, to maximize torso-to-hip stretch and isolate torso power, subjects were seated on the floor holding a 2-to 4-kg medicine ball with arms maximally extended in front of them. They were instructed to explosively throw the ball at maximal velocity into a wall or to a partner. Subjects switched directions with their partner after 10-15 repetitions and repeated the exercise in the opposite direction. Catching the ball in the same position may also have provided some training effect.
In medicine ball speed rotations, 2 subjects were seated or standing back to back about 0.5 m apart on the floor. They were instructed to pass a 2-to 4-kg medicine ball behind their back to each other while concentrating on keeping their arms extended and rotating their trunk as quickly as possible. Subjects switched directions with their partner after 15 seconds and repeated the exercise in the opposite direction.
Testing Protocols
Strength Testing. Each athlete was very familiar with the exercises used in the strength testing. The 1 repetition maximum (RM) bench press was determined using previously described methods (21) . Immediately prior to each strength testing session, the subjects warmed-up with 2 sets of 8 repetitions at 30-50% of their estimated 1RM. Subjects were allowed adequate rest (2-3 minutes) between warm-up sets and maximum attempts. The bench press and squat testing was completed on standard Olympic benches and squat racks with Olympic bars and weights. The shoulder press was completed using dumb bells and the lat pull using a Universal lat pull cable machine. For the squat, shoulder press, and lat pull down exercises, each athlete performed a set to failure and the strength was estimated using the Brown equation to calculate a predicted 1RM (27) . Isometric handgrip strength testing was performed using a Jaymar model 30J4 (Country Technology, Gays Mills, WI) handgrip dynamometer. The dynamometer was adjusted to the subject's hand. Subjects were instructed to fully extend at the elbow, raise the arm to 90 degrees of shoulder flexion, and maintain 0 degrees of wrist extension to ensure consistency between conditions. Three maximal trials were used for warm-up and familiarization. The mean of 3 maximal trials from the left hand was used in data analysis (58) .
Subjects were tested on rotational trunk power by throwing a 2-kg medicine ball into a target. The subject was seated on a weight-training bench with legs and hips secured to the bench with Velcro straps. Target height was set at the same height as release so flight would be horizontal. Trials in which the ball did not hit the target were discarded. Each throw was videotaped with a JVC 9800 digital videocamera (JVC Americas Corp., Wayne, NJ) at 240 frames per second.
The video was subsequently captured using a Marvel video capture card, edited in Adobe Premiere 5.1 computer software, and digitized and analyzed using Kwon 3D (version 3.0, Visol Inc., Seoul, Korea) motion analysis software. Four points of a calibration frame were digitized prior to digitizing each videotaping session. The leading edge of the ball was digitized for several frames before and after ball release. Raw digitized coordinates were filtered using a 6 Hz, second-order Butterworth low-pass filter and converted to real-world coordinates using 2-dimensional direct linear transformation (DLT) (48) . Velocity at ball release was then calculated and 3 trials were averaged for statistical analysis (Figure 1) .
Flexibility Testing. Maximum trunk rotation in both directions was measured using video analysis. A videocamera was centered above the subject's head. The subject was seated on a weight-training bench with legs and hips secured to the bench with Velcro straps. Subjects placed a 1-m long board across their shoulders and were instructed to rotate their trunk to the end of their range of motion and hold for 3 seconds. Three trials were recorded for each subject in both directions and averaged for analysis.
The video was subsequently captured using a Matrox Marvel (Matrox Inc., Quebec, Canada) video capture card, edited in Adobe Premiere 5.1 computer software (Adobe Systems Inc, San Jose, CA) and then analyzed using Swinger computer software (Webbsoft Technologies, Victoria, Australia). Swinger allowed lines to be drawn parallel to the shoulders at a neutral trunk position and at maximum trunk rotation. Swinger then computed the angle in degrees between the lines. Three trials were then averaged for each subject to come up with a clockwise (back-swing direction) and counterclockwise (followthrough direction) trunk-rotation mean (Figure 2) .
Golfball Launch Conditions. Subjects warmed up by taking practice swings and hitting at least 15 golf balls within the testing area. For testing, subjects hit 15 new golf balls of the same brand and compression with their own driver. Each subject used the same driver, tee height, and golf balls for pre-and posttesting. Golfball launch data was collected for each trial with a GolfAchiever (Focaltron Corp., Sunnyvale, CA) golf swing and ball launch condition analyzer connected to a laptop computer (Figure 3) . The GolfAchiever uses solid-state semiconductor laser technology to capture ball and club information in detail. To discount mishits, the 5 best drives for each subject were averaged for clubhead speed statistical analysis. However, all 15 drives were used to compute standard deviations for face and launch angles as a measure of consistency.
Three variables were collected and used for statistical analysis: clubhead speed, clubface angle, and launch angle. Clubhead speed is the linear speed of the clubhead when it impacts the ball, which is a main determinant of the distance the golf ball will travel (6) . Clubface angle is the angle of the clubface at impact. An open or closed clubface (in relation to swing path and target line) will cause the ball to start off line and spin and curve further of line, depending on the club path and clubface angle relationship. Launch angle is the take-off angle of the golf ball relative to horizontal. Launch angle will have an effect on the trajectory and overall distance the golf ball travels (56) . Qualitative Video Analyses. The last 3 swings for each subject during the 15-swing launch condition testing session were recorded in the frontal view using a JVC 60 Hz VHS-C videocamera (Model GR-AX76). This order was chosen to conserve time and videotape during data collection and there was little deviation expected between trials due to the high skill levels of the golfers. Shutter speed was set at 1/2,000 of a second. Qualitative analysis for each subject was performed using Swinger computer software to overlay pre-and posttraining swing images and identify changes in critical swing elements from preto posttesting.
Putting Distance Control Tests. There are 2 key elements to putting-distance and direction. Distance control, or touch, has been identified as the more difficult and important element to successful putting (38) . Subjects putted 15 balls to a line perpendicular to the intended direction of the ball 4.6 m from the starting position on an indoor putting green (Figure 4) . The putt was straight and flat. Mean deviation from the perpendicular line for all putts was measured for each trial and compared between time points. Subjects putted a minimum of 5 practice putts prior to testing and completed a total familiarization trial of 15 putts 2-4 days prior to the pretesting session.
Statistical Analyses
A 2-way analysis of variance (ANOVA) with repeated measures was used to analyze the data and determine any pre-and posttraining differences in the sample distributions. Pearson product-moment correlation coefficients were calculated to determine bivariate relationships between selected dependent variables. Significance in this investigation was defined as p Յ 0.05.
All testing was performed at the 0.05 confidence level. The primary goal of the study was to determine whether there was a difference in the change between pre-and postimplementation of a physical conditioning program. Consequently, our power analysis was based on the specific post hoc comparisons of the 2 conditions for the entire sample. The sample of 16 complete data sets provided a 96% chance (power) of detecting a difference that is about 1 standard deviation of the difference in magnitude (i.e., effect size of 1.0).
RESULTS
For all groups, all strength, power, and flexibility measures significantly increased between pre-and posttraining time points (Table 5 ). For the entire group, clubhead speed increased significantly between pre-and posttraining, whereas putting distance control deviation decreased significantly for the men. Face and launch angle did not change significantly from pre-to posttraining (Table 6 ). 
Strength Testing
As hypothesized, grip strength, bench press 1RM, estimated squat 1RM, estimated lat pull 1RM, and estimated shoulder press 1RM were all significantly greater for all groups following the 11 weeks of strength training (Figure 5 ).
Rotational Power
As hypothesized, rotational power, measured as medicine ball put release velocity, was significantly greater for all groups following the 11 weeks of strength, power, and flexibility training ( Figure 6 ).
Flexibility Testing
As hypothesized, trunk rotation flexibility in the backswing and follow-through direction was significantly greater for all groups following the strength, power, and flexibility training protocol ( Figure 7) . A summary of the effects of the physical training program on strength, power, and flexibility is provided in Table 5 .
Qualitative Video Analysis
A qualitative analysis of each subject's golf swing did not indicate any consistent trends in alteration of important swing mechanics from pre-to posttraining. No obvious swing changes were noted in 3 of the women and 2 of the men subjects. Two of the women subjects appeared to have a greater transfer of weight from nontarget to target foot in post-compared with pretraining swings, whereas 1 of the men appeared to have a greater transfer of weight from nontarget to target foot in pre-compared with posttraining swings. One of the women maintained a more extended right arm during take-away and a greater ''xfactor'' (5), or difference between hip and shoulder rotation at the top of her back swing during the posttraining video session. One of the men decreased extension of the right arm during take-away from pre-to posttraining. Two of the men appeared to release the club later (allow the wrists to uncock later) in the pre-compared with the posttraining video session. One of the men had a decreased ''x-factor'' in the post-compared with the pretraining video session. Another one of the men maintained a better synchronization between his trunk rotation and arm swing in post-versus pretraining swings. His arms lagged further behind his trunk in the pretraining swings.
Golf-Ball Launch Conditions
As hypothesized, clubhead speed for the entire group was significantly higher following the training period ( Figure  8 ). However, there were no significant differences between pre-and posttraining clubhead speeds for the menonly or women-only groups. Contrary to our hypothesis, no significant differences were demonstrated between pre-and posttraining values for face-angle deviation or launch-angle deviation for the total, men-only, or womenonly groups (Figure 9 ).
Putting Distance Control Test
Contrary to our hypothesis, there was no difference between pre-and posttraining putting test values for the total group and the women-only group. However, the men-only group posttraining putting test score was significantly lower than the pretraining putting score, indicating better putting distance control performance following the training (Figure 10) . Table 6 provides a summary of the effects of the physical training program on golf performance.
Correlations Between Measures
Pearson product-moment correlation analysis between golf performance, strength, power, and flexibility measures for each group by gender resulted in only one significant (p Ͻ 0.05) correlation between measures. Clubhead speed was significantly correlated to medicine ball put velocity (r ϭ 0.86).
DISCUSSION
The primary finding in this investigation is that clubhead speed in a group of men and women collegiate golfers increased following 11 weeks of strength, power, and flexibility training from 47.3 to 48.0 m·s, without a negative impact on consistency or putting distance control. If all other impact variables were held constant, this 0.7 m·s increase in clubhead speed equates to approximately a 4.9-m increase in driving distance (6) . Increased driving distance allows shorter, more accurate, iron shots to be hit into the greens and is an important ingredient in overall golf performance. Driving distance has been positively correlated with score in average golfers (r ϭ 0.64) (41) and elite golfers (r ϭ 0.49 to r ϭ 0.84) (14) . In a statistical comparison of performance variables for the 1995 Professional Golfers' Association (PGA) Tour, only driving distance and total driving (distance and accuracy) measures were significantly different (p Ͻ 0.05) between the top and bottom 10 money winners (9). Cochran and colleagues (1968) studied the performance of a group of professional golfers playing in a professional tournament (6) . They concluded that a 17-m increase in driving distance, with no change in accuracy, would result in an improvement in golf score of 2.2 strokes per 18-hole round. Comparatively, the approximately 4.9-m increase in driving distance noted in this investigation would equate to a 0.63 improvement in golf score per 18-hole round. PGA Tour players would improve 72-hole tournament scores by 2.54 strokes, equating to a greater than $20,000 increase in tournament winnings or a greater than $500,000 increase in annual earnings over a 25-tournament season (31) . Mechanisms possibly responsible for the motor performance adaptations following the training program may be related to greater activation and synchronization of higher recruitment threshold motor units or enhanced inhibition of antagonist muscle activity following resistance training (43) . Other possible mechanisms contributing to the increased clubhead speed include increased muscle strength, increased rate of force development, increased velocity of muscle contraction, reduction of strength imbalances, increased flexibility, or more optimal mechanics (23) . Further research is required to directly relate specific mechanisms to changes in motor performance.
Several previous studies have noted increases in clubhead speed or distance of 4-7% following resistance and flexibility training (15, 18, 25, 28, 45, (51) (52) (53) . However, the clubhead speed increased only 1.62% in this investigation. There are several possible explanations for the smaller relative gains in clubhead speed in this investigation.
The higher skilled golfers participating in this investigation may respond differently to strength, power, and flexibility training than recreational amateur golfers. Measurable performance gains and adaptations require more intense training in highly skilled versus novice athletes (12, 13, 44) and gains in novice performance may not apply to elite athletes (16) . Jorgenson (1970) , using a mathematical model, determined there are 2 important components in clubhead speed: the amount of torque supplied by the golfer and the skill with which the golfer manages the torque (19) . Strength, flexibility, and power gains may allow and encourage more optimal swing mechanics in novice players, whereas skilled players have already refined mechanical methods. Further study is required to investigate the differential effects of physiological adaptations on skilled and novice golfer's mechanics.
Differences in training programs used in the current versus previous investigations offers one possible explanation for differences in clubhead speed changes. However, key training program variables, such as the total length, volume, specificity, and intensity (3) of the training program, used in this investigation were at least as high as training programs of previous investigations. Length of previous programs ranged from 8 to 12 weeks, whereas volume and intensity ranged from 1 to 3 sets of 8-12 repetitions. Additionally, previous investigations did not include rotational power training, which was included as part of the training program for this investigation. One investigation documented increased gains in baseball bat speed when medicine ball rotational put training was combined with traditional resistance training programs (29) . Finally, all strength and power measures were significantly higher following the training program in this investigation (Table 6 ; Figure 5 ). Relative strength (7-24%) and flexibility (7-16%) gains in this investigation were similar to previously reported strength (5-56%) and flexibility (7-39%) gains (15, 18, 25, 28, 45, (51) (52) (53) . Therefore, there must be another explanation for the lower relative gains in clubhead speed noted in this investigation.
One confounding variable may be the volume of golf skills training. For this investigation, the strength, power, and flexibility training was conducted during the offseason. Although subjects were required to practice golfspecific skills a minimum of 8 hours per week during the training, this may not have been enough to prevent a related decrease in golf performance. Initial testing was conducted 2 to 3 weeks following the regular season. During the regular season, golfers were required to practice and play golf 5 days per week for a minimum of 20 hours per week. Most previous studies were conducted with less skilled golfers whose volume of golf-specific training may not have decreased, or possibly even increased, during the resistance training. Further study is required to investigate the effects of the volume of golf-specific training on golf performance.
Another interesting finding in this investigation is that, although there was no significant change in clubhead speed from pre-to posttraining when the group was separated by gender, the women showed a greater trend toward an increase (3.36%) compared with the men (0.61%) from pre-to posttraining. The effect size for the women-only group was 0.72, indicating that with a larger sample size the increase in clubhead speed following training may have been significant (46) . All 6 women increased clubhead speed from pre-to posttraining, whereas only 7 of the 10 men increased clubhead speed.
There are several possible explanations for these results. Although the men and women participated in identical physical conditioning programs, the women made greater relative strength gains in the bench press (men ϭ 7%, women ϭ 20%), squat (men ϭ 11%, women ϭ 21%), lat pull (men ϭ 9%, women ϭ 23%), and shoulder press (men ϭ 21%, women ϭ 36%). Both gender groups were recently (past 6 months) untrained; however, most of the men had some type of background in resistance training, whereas 5 of the 6 women did not. Subjects with no background in resistance training may have had a wider window of adaptation for strength increases.
Another possibility for seemingly greater response in clubhead speed in women subjects in this investigation is that the women were at a lower relative skill level than the men. The women's team was in its first year and most of the players were freshmen. According to end-of-season Golfweek rankings, the women's team was ranked 170th out of 197 (the 14th percentile) National Collegiate Athletic Association (NCAA) Division I women's golf teams, whereas the men were ranked 132 out of 286 (the 54th percentile) NCAA Division I men's golf teams (2) . The increase in strength and flexibility may have allowed the women to adopt more optimal swing mechanics, whereas the men already used closer to optimal swing mechanics. However, no consistent trends were noted in either group when comparing pre-and posttraining swings using qualitative analysis.
Lastly, men have significantly more overall, and especially more upper-body, strength than women (26) . Be-cause of the short duration of the downswing in golf (0.3 seconds), maximal force values cannot be generated. Men would have a larger explosive strength deficit (difference between maximal force and forces generated in the downswing), which may reduce the effectiveness of maximal strength training. The women's explosive strength deficit may have been lower, increasing the value of maximal strength training to increasing clubhead speed (57) . Additionally, the slower contraction velocities used in resistance training movements may not increase power production capabilities, especially in trained subjects (12, 20, 55) . Because golf requires high power outputs, more highvelocity exercises may have caused more golf-specific adaptations.
Consistency in this investigation was measured as the standard deviation of golfball launch and clubface angle for 15 driver shots. There was no change in these measures from pre-to posttraining. It is important to note that, in general, no negative effect on consistency resulted from the training. A more fatiguing consistency protocol, such as increased number of swing repetitions, walking interspersed between shots, or collecting data following a competitive round of golf, may reveal different results.
The effect of specific swing elements on clubhead speed or golfball launch conditions has not been investigated. However, several studies have compared novice players with experts and correlated different swing elements to clubhead speed (42) . No common trends in swing mechanics alteration from pre-to posttraining were noted in the qualitative analysis. Individual golf swings and specific adaptations to resistance training are variable. Small, consistent differences in technique from pre-to posttraining may have existed. However, limitations in camera angle, frame-rate and shutter speed may have resulted in the qualitative video analysis being insufficiently sensitive to detect them. The interaction of swing mechanics and strength training is interesting and requires further study. A high-speed 3-dimensional motion analysis of golfers before and after a strength-training program would provide a more sensitive quantitative analysis of swing alterations and possibly detect changes due to increases in strength, flexibility, and muscle size.
Putting distance control significantly improved from pre-to posttraining for the men-only group (29.6%). There was a trend toward improved putting distance control in the total (20.4%) and women-only (6.8%) groups; however, differences were not statistically significant. Two possible mechanisms for this improvement in putting distance exist. First, the strength training induced increase in muscle strength may have allowed more postural stability and less variation in putting distance control. Second, improvement in motor unit recruitment and firing patterns has been noted with resistance training, which may improve regulation of force (4). This is an important finding because an average of 40% of all golf shots in an 18-hole round are putts (11) .
Pearson product-moment correlation analysis among golf performance, strength, power, and flexibility measures for each group by gender resulted in only one significant correlation. In the men-only group, medicine ball put velocity was correlated with clubhead speed (r ϭ 0.86, p Ͻ 0.05). This result is not surprising because the medicine ball rotational put closely matches the speed and movement pattern of the golf swing. The angular velocity of the arms (9.3 radians·s) for the men during the medicine ball puts in this investigation is similar to angular velocity values reported for the arms at impact during male collegiate player golf swings (33) . When medicine ball rotational put exercises were added to a resistancetraining program for collegiate baseball players, bat speed significantly improved when compared with a resistance-training-only control group (29) . Similarly, investigators have reported greater gains in vertical jump when ballistic training is performed in conjunction with traditional resistance training (32) . These results are also in agreement with EMG investigations that have noted high trunk muscle activation during golf swings (39) . It is apparent that ballistic rotational put exercises should be included in golf-specific physical conditioning programs and they may also be a valuable strength diagnosis tool for golfers. It should be noted, however, that medicine ball training should be conducted in addition to resistance training. A previous study with baseball players noted no change in running speed or throwing speed in baseball players participating in only medicine ball training (36) . These results may be valuable in guiding strength and conditioning coaches and players in designing golf-specific training programs.
Previous work has not been done examining the effects of specific resistance training elements on golf performance. Further study is required to determine an optimal training program for golfers. For instance, Kraemer and colleagues (1998) noted greater sports-specific performance gains in collegiate tennis players following a periodized program compared with a nonperiodized resistance training program (22) . Additionally, many golfers only strength train in off-season months and completely stop resistance training during the competitive season, which may not be beneficial to performance due to detraining effects (3). Collegiate, professional, and amateur golf seasons are very long and split into 2 time blocks. Measuring effects of a year-round, including in-season, linear or nonlinear periodized training program would be valuable. For instance, such a longer-term resistancetraining program may cause increased muscle hypertrophy that could influence golf swing mechanics.
It is an important finding that physical conditioning has some positive and no negative effects on golf performance. Strength, power, and flexibility training may have beneficial effects for golfers other than overt improvements in distance and accuracy. For instance, resistance training has positive effects on bone, connective tissue, and cardiovascular responses (7, 24) . These changes will influence quality of life and possibly have an effect on golf score, longevity, or injury prevention (37, 40) . Additionally, a greater range of specialty shots may be possible with greater strength levels. This possibility has not been scientifically investigated; however, Tiger Woods anecdotally claims he could not hit his low, controlled tee shot, or ''stinger,'' before a prolonged strength-training regimen (50) . Increased strength in hands, arms, shoulders, and trunk may have helped him control the torque of the club at the bottom of the swing to prevent the club from releasing, while still generating high clubhead speed, resulting in a low, controlled shot. Finally, there may be some intangible benefits related to improved fitness, such as increased confidence, concentration, and more optimal stress response (34).
PRACTICAL APPLICATIONS
Competitive, recreational, and especially collegiate golfers have limitations on practice time. It is valuable to know the effects of different training methods to effectively allocate practice time. These results indicate that 11 weeks of physical conditioning increased clubhead speed without a negative effect on consistency or putting distance control in elite men and women golfers. Clubhead speed in elite men and women golfers increased to a lesser degree than in previously reported studies with less skilled golfers. This highlights the importance of creating golf and individual specific conditioning programs. Strength and power appear to be important factors in swinging the golf club fast, and skilled men and women golfers should engage in weight training, stretching, and rotational power training to improve golf performance.
